Abstract. The dryland root rot (foot/crown) caused by Fusarium spp. attacks cereals especially wheat and causes severe yield loss by reducing both grain quantity and quality. Among those Fusarium species attacking wheat crop is the Fusarium culmorum species which has
INTRODUCTION
Wheat is grown on 20% of the cultivated land area of the world and is a main food resource for 40% of the world's population (Braun et al., 2010) . In 2016, an estimated of 742 million tons of wheat (Triticum aestivum L.) was produced from 223 million ha (FAO 2018) . In 2050, the world's population is expected to reach 9 billion, thus it is estimated that cereal production needs to increase by 50% by 2030 (Alexandratos and Bruinsma 2012) . Turkey is one of the 10 largest wheat producers in the world with an average grain yield estimate of 2.5 tonnes -ha and varying wheat production between 16 and 21 million tonnes (Braun et al., 2001) . So far the wheat production is suffering substantial losses of biotic and abiotic stress factors. Among the biotic stress factors; Fusarium species causing foot, crown and root rots occur in winter cereals worlwide virtually wherever cereal-based farming system predominates (Burgess et al., 2001) . The disease can be caused primarily by Fusarium culmorum, F. pseudograminearum (formerly F. graminearum group 1), and F. graminearum (formerly F. graminearum group 2). Those three species have been reported to be associated with wheat and cause significant yield damage in West Asia and North Africa (Egypt, Tunisia, Morocco, Algeria), USA, Canada, Australia, Turkey (Smiley 2005; Tunali 2008; . Fusarium root rot mainly caused by F. culmorum is characterized by a decay of the crown and lower stem tissue, resulting in scattered white heads with shriveled or no grain under disease favorable conditions and ultimately in the reduction of grain quality and quantity (Cook 1980) . Yield loss due to these pathogens have been reported and reached up to 35% in winter wheat in Pacific Northwest (PNW) of America (Smiley 2005) , 25-58% in Australia while the disease can inflict yield losses of up to 89% (Klein 1991; Chakraborty et al., 2010) and up to 49% in Tunisia (Chekali 2016) . In Turkey, losses have been reported in winter wheat and reached up to 43% , 54% in durum wheat in Central Anatolian Plateau (CAP) (Bagci et al., 2001) . Aktaş et al. (1999) reported disease intensity of 36% in winter cereals as a result of root and crown rots. The CAP coveres 10 million hectares of cultivated land of which winter wheat is considered the main cultivated crop with an annual precipitation between 250-500 mm (Benli et al., 2007) . About 90% of wheat areas in Turkey are cultivated under rainfed or supplementary irrigation conditions, where drought stress is common (Braun et al., 2001) and considered a favorable environment for the dryland foot rot. Fusarium culmorum has been reported as the prevelant species causing foot rot in Turkey (Akgül 2008; Bentley 2006; Hekimhan et al., 2004; Nicol et al., 2004; Tunali et al., 2008 , Shikur 2017 . Using resistant crops of high yielding potential is the most efficient and economical way to increase wheat productivity and manage soil borne pathogens especially in dryland fields. However, varieties with high level of resistance are still not available (Li et al., 2012) . Only few sources with partial resistance which have been identified and used for molecular mapping studies such as Kukri (Wallwork et al., 2004) , 2-49 (Collard et al., 2005) , W21MMT20 (Bovill et al., 2006) , CSCR6 (Ma et al., 2009) , Ernie (Li et al., 2010) . Based on the foregoing, crop rotation with non-host crop or cultivars is still one of the most recommended methods to reduce the damage caused by Fusarium species (Burgess et al., 2012) though in rainfed wheat production systems where cereal monoculture is practiced extensively as it is the case in Turkey, rotation offers limited option to control root rot diseases (F. culmorum). Therefore, the main objective of this study was to screen diverse winter wheat genotypes to find new sources of resistance against the dryland F. culmorum based on multiple screening environments which will ultimately widen the genetic pool by using those sources in the breeding programs.
MATERIAL AND METHOD

Plant Genetic Resources
A set of 141 winter wheat genotypes provided by the International Winter Wheat Improvement Program (IWWIP) representing 19 different countries of a broad geographical spectrum along with the standard 6 breedinglines/varieties known for their resistant reaction to the dryland root rot caused by F. culmorum were evaluated in this study (Table 1) .
Fusarium Inoculum
A local Fusarium species isolated from naturally infested field in Kırsehir, Turkey (39º 39' 709" N, 32º 37' 14" E), molecularly identified as F. culmorum according to Nicholson et al. (1998) was used in all tests. This isolate was selected and used in this study based on its high virulence (88%) against wheat genotype. A monosporic isolate of F. culmorum was cultured on Synthetic Nutrient Agar (SNA) medium (KH2PO4 1g, KNO3 1g, MgSO4·7H2O 0.5 g, KCI 0.5 g, Glucose 0.2 g, Sucrose 0.2 g, Agar 20 g, 1000 ml distilled water) at 23 °C for 10 days. Propylene bags (48 cm x 20 cm) (Unicorn, Amsterdam, Netherlands) were quarter filled with wheat bran, autoclaved at 121 °C for 20 min for three consecutive days. One week later, 15 ml of sterilised water consisting of mycellium from the monosporic culture was transferred into each bag and left for 2 to 3 weeks at 23 ºC to enhance sporulation and thereafter used as source of inoculum in this study.
Seedling Resistance Screening (Growth room)
Wheat seeds were placed onto a moist blotting paper in sterilled petri dishes and left for 3 days at 23 °C to enhance germination. Seeds were left till 3 cm long radicules roots were formed. A single pregerminated seed was sown in a plastic tube (Stuewe and Sons, Corvallis, OR) measuring (16 cm height x 2.5 cm diam.) containing potting mixture of sterilised sand, field soil, and organic matter (50:40:10, v/v/v). Sand and field soils were sterilised at 110 °C for 2 h and organic fertilizer was sterilized at 70 °C for 5 h. Six additional genotypes with known resistant reaction to crown rot were used as control in this study (Table  1) . One week after transplanting pregerminated seeds, each seedling was inoculated with 1 ml of spore suspension of F. culmorum at a rate of 1x10 6 spore per ml of water. To enhance infection; inoculated seedlings were covered with plastic tent and incubated at 75% of relative humidity and watered from bottom and kept in the dark for 48 h before removing the plastic cover and left to grow under the growth room conditions for 49-56 days with 16 h of artificial photoperiod and at 23 °C with relative humidity of 65 ± 5% as per Mitter et al. (2006) . Each treatment was replicated 5 times and tubes were placed in a completely randomised block design. Trials were repeated once for data validation.
Adult Plant Screening (Greenhouse and Field)
A single wheat seed was sown in each plastic tube (Stuewe and Sons, Corvallis, OR) (21 cm height x 3.8 cm diam.) filled with the same potting mixture as mentioned above and was inoculated with 0.25 g of wheat bran F. culmorum consisted of about 5x10 5 spore per ml. Wheat bran were soaked in 1 ml water to estimate relative spore concentration by using a hemocytometer. The plants were left to grow under the greenhouse from October to June (winter wheat growing season) and harvested at maturity as lined with natural field conditions. In order to enhance disease symptoms, water was reduced near heading stage to stimulate post anthesis drought stress. The method used in this test was similar to that described by Wallwork et al. (2004) . Plants were watered whenever needed. Each treatment was replicated 6 times and placed in a completely randomised block design. For field assay, wheat genotypes (141 genotype) plus the breedinglines/varieties (6 genotypes) were planted at ILCI private agricultural research institute in Kırsehir, Turkey in 2012. For each genotype, 5 g seeds were hand planted in row of 1 m long and replicated 3 times in a completely randomised block design. In 2013, a set of 69 selected genotypes based on their performance in 2012 screening and showed promising resistant reaction were re-evaluated under the same field conditions for data validation. At harvest time, up to 20 tillers of each genotype (replicate) was randomly selected, peeled, and assessed for F. culmorum disease symptoms as per Erginbas-Orakci et al. (2012; .
Statistical Analysis
Plants were harvested and assessed based on the browning/rotting percentage on the crown which describes the stem (1 cm above soil level) according to the modified 1-5 scale: 1= 1-9% Resistant (R), 2= 10-29% Moderately Resistant (MR), 3= 30-69% Moderately Susceptible (MS), 4= 70-89% Susceptible (S), 5= 90-100% Highly Susceptible (HS) (Wildermuth and McNamara 1994; Erginbas-Orakci et al., 2016) . The data were analyzed according to standart analysis of variance. Significant differences between the genotype was performed based on the Least Significant Difference (LSD). JMP10 statistical package program was used for tests.
RESULT
The tested genotype showed disease severity ranged between 1% and 89% (Wildermuth and McNamara 1994) . The genotypes were categorized into 5 groups based on their reaction ranging from Resistant (R) to Highly Susceptible (HS). The breedinglines/varieties used in the study gave the expected reactions against the disease under the different screened environments. The tetraploid Kiziltan 91 used in this study showed higher susceptible expression than the hexaploid Seri 82. Out of the 141 genotype screened in 2012 a subset of 69 promising genotype were selected based on their resistant reaction to F. culmorum under the three different screening environments (growth room, greenhouse and field) in the 1st run. The results of the validation study resulted in 16 genotype with same or better resistant reaction to the foot rot disease when compared to the breedinglines/varieties used in the study (Table 2) . Two of the 16 genotype gave resistant reaction to crown rot at both seedling and adult stages in particularly PATWIN YR5 and TAST/SPRW//ZAR/5/YUANDONG3/4/PPB8-68/CHRC /3/PYN//TAM101/AMIGO and considered moderately resistance against Fusarium culmorum. Based on the grouping genotype screened for adult plant resistance (APR) in both greenhouse and field resulted in 2.8% MR-R, 59.5% MS, and 37.5% S-HS. While genotype screened for seedling resistant gave 11.3% R-MR, 54.6% MS, and 34% S-HS. The highest frequencies of resistant reaction to F. culmorum were obtained from those genotype originated from Romania, Turkey, USA, IWWIP, Mexico -IWWIP (Table  2) . Genotypes KS82142/PASTOR, DEFENSE, EXCALIBUR/WBLL1, PATWIN-YR5, ALAMOOT/4/KAL/ BB/CJ/3/HORK can be considered as valuable sources for foot rot (F. culmorum). The set was also screened against other soil borne disease cereal cyst nematode (Heterodera filipjevi) as well as main foliar diseases caused by the 3 rusts species (Table 3) . The performance of selected resistant genotypes and their reaction for multiple diseases (CCN and Rusts) are given in Table 3 (Rust data is obtained from IWWIP). The data has indicated that entry 26, 62, 65, 67, 73, and 111 which were good for crown rot were also good for all rust diseases tested (stripe, leaf and stem rust). Agronomy and grain quality parameters for selected lines were performed on those genotypes and will be of high importance to the breeding programs to pyramide the different traits in a high yielding widely cultivated varieties (Table 4 ; Data is obtained from IWWIP).
DISCUSSION
To date a wide range and diverse germplasm from around the globe obtained from CIMMYT-Mexico and IWWIP (International Winter Wheat Improvement Program) has been phenotypically screened in terms of their resistance to Fusarium crown rot (ErginbasOrakci et al., 2013a) . Wheat genotype resistant to crown rot is limited, therefore, developing and/or identifying a new genotype with acceptable level of resistance will greatly benefit wheat producers 'farmers'. Implementing the resistant germplasm with other cultural practices such as crop rotation and other Integrated Pest Managemengt (IPM) will ultimately reduce the damage and increase the grain yield (Erginbas-Orakci et al., 2010) . The damage on cereals caused by soil borne pathogens especially the Fusarium genus are known in wheat producing areas globally (Smiley et al., 2005; Chakraborty et al., 2010) . The present investigation demonstrated that F. culmorum is highly agressive on wheat genotypes. Using resistant genotypes of high yielding potential is the most effective and economical way to control soil borne pathogens, especially under drought areas where cereals are cultivated and monoculture cropping systems exist (Erginbas-Orakci et al., 2013b) . Efforts has been made by pathologists around the globe to find Quantitative Trait Loci (QTLs) against the crown rot. However, only few sources were identified with partial resistance (Wallwork et al., 2004; Collard et al., 2005; Ma et al., 2009; Li et al., 2010) . The results of this study clearly show high variation in their resistance reaction between and/or among the tested genotypes. All genotypes assessed for crown symptoms at seedling stage for seedling resistance in growth room, at adult plant resistance under greenhouse and field conditions showed various reactions to the pathogen F. culmorum. The genotypes were ranked according to the browning/rotting severity on the crown and were compared to the controls used in this study. The genotypes which showed consistency in disease ratings both at seedling and adult stages over the 2 growing season were considered reliable and promising lines. As reported by Smiley and Yan (2009) , a high degree of variation in response to crown rot disease over years and found it difficult to establish reliable tolerance standards in wheat genotypes. Therefore, the slightly variation between the lines and controls (which seen more adapted) in our study might be due to the uneven inoculation and environmental factors. Symptoms were more distinct under the greenhouse when compared to the field as this was contributed to the optimal environment for the disease to develop under the greenhouse. Also sterilized soil was used for the greenhouse trials versus field soil with its complex ecosystem which might affect disease development. Severity of the disease can be assessed in many ways depending on the objectives of the screening whether it is aiming to screen for adult plant or seedling resistance. Use of seedlings will speed the selection of resistant progeny in wheat breeding programs where resistance to the disease is an objective (Wildermuth and McNamara 1994) . Resistance has been found more than one soil borne pathogens enabling the breeders to use these genotypes for soilborne disease complex. In this study, 17 wheat genotypes were found to be MR to the crown rot and well adapted to the Turkish dryland conditions and therefore are recommended for crosses in the breeding programs.
